T he past decade has seen remarkable advances in the fields of both proteomics and genomics. In addition to basic technical advances that have led to an increased volume of high-quality data, this "-omics" revolution also has begun to provide some interesting insights into the diversity of processes that regulate tumorigenesis in many different types of human cancers. The large roadmaps of gene and protein expression produced by these methods often can be used to classify cancers or predict response to certain types of treatments. However, they often fail to pinpoint specific regulators that may serve as promising targets for the next generation of anticancer drugs, largely because many of the major "druggable" classes of proteins are enzymes that are tightly regulated both at the level of transcription and translation and at the level of enzyme activity. Thus many now-common "-omic" methods fail to provide information on the dynamic regulation of a given enzyme or family of enzymes during the many stages of cancer development. In this issue of PNAS, Shields et al. (1) make use of a relatively new method termed "activity-based proteomics" to identify a protein with serine hydrolase activity that is an essential regulator of tumor cell growth. By using this functional approach, the authors were able to identify a specific enzyme target that may serve as a valuable target for the development of anticancer drugs.
The field of activity-based proteomics or chemical proteomics has emerged as an alternative to standard proteomic methods, which primarily provide information on the overall abundance of proteins (for reviews, see refs. 2-4). The activity-based proteomic approach makes use of small molecule probes that bind to enzymes in an activity-dependent manner, thus allowing both quantification of the dynamics of enzyme regulation and direct isolation and identification of the targets of interest (Fig. 1) . With the development of many new classes of probes (2) as well as new classes of affinity and fluorescent tags (5), activity-based protein profiling (ABPP) has found increasing use in identifying key regulators of human diseases. In particular, a number of recent elegant examples demonstrate the value of ABPP in identifying interesting regulators of cancer progression (4, 6-8).
In the study by Shields et al. (1) in this issue, the authors used a broad-spectrum serine hydrolase probe to profile human pancreatic cancer tissues. These efforts led to the identification of a protein termed retinoblastoma-binding protein 9 (RBBP9) that had elevated hydrolase activity in 40% of the tumor tissues analyzed. Interestingly, this protein had been identified previously as a retinoblastoma (Rb)-binding protein and had no known enzyme activity (9) . Prior studies of the function of this protein suggested that its overexpression confers resistance to the effects of TGFβ in suppressing cell growth. However, these effects on TGFβ signaling were thought to be the direct result of binding of RBBP9 to Rb, leading to the release of the eukaryotic translation initiation factor 1 (EIF-1) transcription factor. In their current study, Shields et al. show that RBBP9 has serine hydrolase activity and, more importantly, that this enzyme activity is required for the transforming effects of this protein in cancer cells. Loss of hydrolase activity by mutation of the active-site serine (identified by homology to other serine hydrolases) or RNAi-mediated knock-down of the protein leads to an increase in Smad 2/3 phosphorylation, a decrease in the expression of adhesion molecules such as E-cadherin, and a subsequent reduction in tumor growth. Furthermore, the authors find that RBPP9 activity levels are elevated in a number of other human cancers, suggesting that inhibition of this hydrolase activity may have broad tumor-suppressive effects, making it a potentially valuable target for development of anticancer drugs.
On multiple levels, the study by Shields et al. demonstrates the power of the ABPP approach. First, this approach allowed the identification of an enzyme activity in a protein shown to function in the regulation of cell-growth signaling. By using the ABPP approach, it was possible to monitor the dynamics of regulation of this enzyme activity without the need to identify a native substrate and establish an in vitro assay. Second, levels of expression of RBBP9 were equivalent in both normal and cancer tissues, suggesting that enzyme activity drives the functional contribution of this protein to tumor-cell growth. Thus none of the current genomic or proteomic methods would be capable of identifying this target as a key regulator of disease.
Of course, many questions about the exact mechanistic role of RBBP9 remain.
Most importantly, what are the native substrates of this enzyme? Does the enzyme actually hydrolyze its substrates? What is the consequence of substrate hydrolysis? How does substrate processing lead to regulation of Smad2/3 Fig. 1 . Activity-based proteomics or activity-based protein profiling (ABPP). In this example, tumor tissue samples are labeled with an activity-based probe (ABP) that contains a reactive fluorophosphonate group. After labeling of target enzymes (in this case serine hydrolases), labeled proteins are separated by SDS/PAGE, and relative activity levels are determined by the intensity of probe labeling. Potentially interesting targets are identified as having increased or reduced levels of activity in tumor samples. Labeled targets are isolated by affinity purification via the probe tag and identified by mass spectrometry.
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